Abstract: This paper is aimed at presenting some trends and developments with respect to renewable energy sources in the EU and how these sources can be used in the Romanian economy. It outlines the need of considerable reduction of emissions of greenhouse gasses, transforming the Romanian economy into a region with low emissions of CO 2 and at the same time into an efficient country in terms of energy consumption. 
Introduction
The energy sector is a field currently experiencing many challenges. Increased demand for energy, for example, poses a threat to the global economy and climate. Because of the significant increase in CO 2 concentration in the environment, a total increase ranging from 1.4°C to 5.8°C on average has been already noticed (Leca and Muşatescu, 2008; Brown, 2006) . This development will lead to a world much different from the current one, with a remarkable reduction in agriculture and a significant increase in the water level of the seas from 0.09 m to 0.88 m during the 21st century due to glacier melting, as it is pointed out (Leca and Muşatescu, 2008) . Other undesirable developments include desertification, drought, floods, changing fish habitat, disappearance of more than one quarter of animals and plants on earth because of a higher temperature in the water, storms and hurricanes, reducing the amount of snow in the mountains, and as such, reducing the flow of rivers (Brown, 2006) .
To leave a proper legacy of a healthy planet to our children and grandchildren, we must be aware of the need to use renewable energy. If all European countries would follow the example of Germany and Denmark in terms of renewable source of energy, then the objective of 20% of renewable source of energy by the year 2020 would be achieved as it is stated (Andris, 2007) . But to achieve these desideratum energy policies, it is necessary to create an appropriate framework for supporting sustainable development and effective research; to achieve cooperation between the more developed and the less developed countries; a closer cooperation between political parties and the industry, as well as between producers and consumers and between companies in different sectors promoting investments in advanced energy technologies.
As the president of the Intergovernmental Panel on Climate Change (IPCC), Dr. Rajendra Kumar Pachauri, co-laureate of the Nobel Peace Prize in 2007, said, "to surpass challenges from climate changes we must reinvent the energetic future".
The involvement of the state in the energy sector
The involvement of national governments in the evolution of the energy sector can be explained by two distinct approaches according to European Institute of Romania (2003) .
A first approach, the traditionalist, is that all national governments consider their total involvement in the energy sector as a normal practice. This is because energy is a primary resource, which has an important place in the system of resources of the humankind. They consider the energy sector as a monopolistic market both in transmission and in distribution.
These are features that have helped to create a paradigm in the traditional relationship govern-energy industry. It can be considered as an organisation model characterised by a central control over the network of the primary (production) up to the final (consumption) stage. This model has been implemented because there were no other forms of competition in this sector, control was planned and strict and market equilibrium was calculated on the basis of production costs. At the same time, lack of detailed regulations and vertical operations characterised the sector, whereas the government had the responsibility to build and to operate the energy sector.
This model did not have a long life, because consumers have been dissatisfied, owing to the fact that they did not participate in any one of the operating phases of the energy system, and they did not take part in the decision-making process. Also, those who planned, led and operated the system did not assume any risks, whereas the cost of failure was paid by the final consumers through taxes.
The second approach, which has gained great attention after the 1990s, had to do with an irreversible change in the energy sector emphasising competition through a wave of new regulations, as it is stated by European Institute of Romania (2003) .
State monopolies or those controlled by the state started to fall apart and reorient towards clients and competition. This new approach is characterised by free entry and free exit from the market and the separation of activities so that the place of vertical integration is taken by the competition, the existence of competitive fares instead of a fixed fare, a quick adapt reaction to new technologies at the same time, as the place of the government has been taken by independent firms and regulators.
If we go back in time, we see that energy had played a key role in the economic reconstruction of Europe after the Second World War, at the same time as governments had played a key role in this process of industrialisation, as it is pointed out in European Institute of Romania (2003) .
The energy crises that took place in the 1970s have determined a great degree of intervention of the industrialised states in the energy sector worldwide. At European level, programmes have been initiated for building nuclear plants and subventions were allocated for alternative source of energy. In the same period, national energy policies have emerged, as well as implementation agencies. But the implementations of these policies in a traditional manner have not been proven to be useful, whereas the ability of governments to intervene has remained unaffected. Globalisation of the world economy and the emergence of various initiatives of government deregulation in energy markets have contributed to shape a new outlook on the energy sector, namely the existence of a competitive free market. Liberalisation involves an implicit transfer of responsibility from state to the private sector, at the same time as taking appropriate regulatory powers by government agencies.
This new market approach became an aspiration and a possible reality after 1990. However, a change in the infrastructure of the energy sector will take a long period of time and also governmental intervention. The costs of new technologies that will be implemented will be very high. Energy policies cannot operate independently; they are closely related to environmental and social ones, the latter being for an indefinite period a sole task of governments.
Non-uniform distribution of the primary energy sources
The main sources of energy that humankind has been using for a long time are: oil, natural gas, coal, uranium, hydropower energy and wood. World reserves known as primary energy resources, as well as their distribution on geographic areas and their duration until exhaustion are presented in Table 1 (Leca and Muşatescu, 2008) : Table 1 Distribution of primary resources in the world Leca and Muşatescu (2008, p.78) Analysing the data from Table 1 , we realise that there is an uneven distribution of primary energy resources in the world and an apparent discrepancy between the reserve areas with significant resources and heavily industrialised areas of consumption of resources. Although consumers of energy resources are primarily in North America, Europe (including the Russian Federation), Japan and China, resource providers have different geographical position. The largest supplier of oil remains the Middle East, where Saudi Arabia owns 24.3% of the world's known reserves, Iraq 10.5%, Kuwait 9%, United Arab Emirates 8.8% and Iran 8.5%. The main suppliers of natural gas in the world are: the Russian Federation, which owns 27.6% of known world reserves, Iran 15.6% and Qatar 15.1%. Oil and natural gas are the most used fuels today.
Regarding the time of exhaustion of the primary resources from Table 1 , we realise that at present consumption rates, the oil reserves will be consumed in 45 years, the natural gas in about 65 years, the uranium in about 88 years, whereas coal will last for another 257 years. However, the latter alternative is a marginal one because the impact of coal on the environment is very strong.
Concerning Romania, the oil reserves will be exhausted in less than 20 years, the natural gas in around 15 years, the coal reserves in 15-40 years, and the uranium can ensure the functioning of the groups from the Cernavoda plant until 2022.
Therefore, other sources of energy must be sought immediately. The resources of renewable energy such as solar energy, biomass and biogas, wind, hydraulic energy, geothermal energy, and ocean waves, are almost limitless alternatives.
Renewable energy policies at global level
Much of our energy supply comes from coal, oil, natural gas, or radioactive elements. They are considered non-renewable because once they are removed from the ground and used, they are not immediately replaced. In fact, the world's natural gas, crude oil and coal deposits took millions of years to form.
The disastrous effects on the environment as a result of the use of energy from fossil fuels has determined the use of alternative sources of energy; the latter being of particular importance for the society as a whole. Owing to the accumulation of harmful gases in the atmosphere, global warming was triggered, leading to the thinning of the ozone layer, etc.
The need for new energy sources has never been greater. Energy use is rising rapidly everywhere but particularly in the developing world, where up to 2 billion people still lack access to electricity and other modern energy services, and average per-person energy consumption is far below that in the industrial world (Goldemberg, 2000) .
Using renewable energy sources such as solar energy, wind energy, hydro energy, wave energy, bioenergy, geothermal energy, biodiesel energy causes far fewer emissions, reducing chemical pollution, atmosphere heat, radiation, etc., that are available virtually anywhere on the globe. They are also referred as alternative or unconventional energy sources (http://www.energii-regenerabile.ro/).
In the last three years, we have seen large fluctuations in the cost of natural gas, oil, and electricity due to global economics, market deregulation and political events in some parts of the world. Renewable energy comes from sources such as sunshine, flowing water, wind and biological waste, all of which are free. This gives people greater certainty about the cost of energy, which is good for society and the economy. In comparison, fossil fuels are limited in their supply, and their price will increase as they become scarce (The Pembina Institute, 2007).
Renewable energy harnesses naturally occurring non-detectable sources of energy, such as solar, wind, biomass, hydro, tidal, wave, ocean current and geothermal, to produce electricity, gaseous and liquid fuels, heat or a combination of all the above.
Solar energy can be used to generate electricity as an alternative to any other type of energy. For example, photovoltaic systems capture the energy in sunlight and convert it directly into electricity. Alternatively, sunlight can be collected and focused with mirrors for the creation of high intensity heat source that can be used to generate electricity by means of a steam turbine or heat engine (Department of Minerals and Energy, 2002) .
"The solar energy resource is enormous and distributed all over the world, in all countries and also oceans" said Daniel (2008) , the research director of the Paris-based Institute for Research and Development of Photovoltaic Energy. "There is thus an enormous resource available from photovoltaic, which can be used everywhere, and can in principle cover all the world energy demand from a renewable, safe and clean source," he added.
Germany and Spain are the world leaders in solar energy power. Germany has 4000 MW of installed capacity whereas Spain has 600 MW (Agence France-Presse, 2008).
Wind energy uses the naturally occurring energy of the wind either directly as in windmills or to generate electricity, and can be used, for example, to charge batteries or pump water. Large modern wind turbines operate together in 'wind farms' to produce electricity for utilities. Small turbines are used to meet localised energy needs (Department of Minerals and Energy, 2002) .
Wind energy market is growing, with a growth rate higher than in any other field of energy. Statistics of the World Wind Energy Association shows that in the last ten years, wind power had been greatly developed.
In 1997, at the world level, wind turbines produced only 7,500 MW, whereas in 2007, the total production has been raised to 90,000 MW (The World Wind Energy Association, 2008). Prediction shows that in 2010, wind turbines will produce almost 200,000 MW. Specialists argue that an installed capacity of 100 MW requires an investment of around 100 million euros. On average, the investment would pay off in about seven years. Most turbines produce energy more than 25% of the time, which is increasing in winter, when winds are stronger (The World Wind Energy Association, 2008).
On the basis of the very dynamic development of the past years, The World Wind Energy Association has again lifted its prediction for the year 2010 from 160,000 MW up to 170,000 MW. Biomass energy can be used to provide heat, make liquid fuels, gas and to generate electricity. Wood is the largest source of biomass energy, generally derived from trees.
However, fuel wood is used unsustainably when new trees are not planted to replace ones that are used. Fuel wood derived in this way cannot be defined as renewable. Other types of biomass include plants, residues from agriculture or forestry and orgyearsc components in municipal and industrial wastes. Landfill gas (biogas) is considered to be a biomass source (Department of Minerals and Energy, 2002) .
Biofuels in liquid form can be produced from the conversion of biomass and used, for example, for transportation. The two most common biofuels are ethanol and biodiesel. Biodiesel is made using vegetable oils, yardman fats and algae (Department of Minerals and Energy, 2002) .
Because oil prices increased incessantly, the Japanese thought of heating the houses with special machines that are fueled with hydrogen. This year, thousands of houses in Japan are taking part in an experiment where they are heated and illuminated only with energy produced by plants of hydrogen with combustion cells (Adevărul, 2008) .
The Japanese decided to participate in the experiment especially after 2005 when the Prime Minister's residence became the first house in the world endowed with a combustion machine. Since then, over 3000 house owners have agreed that their homes have 'green boxes' outside, in which to include the machines (Adevărul, 2008) .
This project aims that Japan should become one of the countries depending on hydrogen for energy, which can no longer depend on fossil fuels or on saving funds for energy (Adevărul, 2008) .
"The principle of combustion is known from the XIVth century, but began to be used in 1965. Now, however, we find multiple sources from which to extract hydrogen: hydrocarbons, gas, biomass or garbage," said Michihiro Mohr (2008), Vice President of the Nippon Oil company, which is developing the project.
Hydropower uses the movement of water under gravitational force to drive turbines to generate electricity (Department of Minerals and Energy, 2002).
Wave power, tidal power and ocean currents can be used to drive turbines to generate electricity. Technologies to harness these forms of power are presently being developed to the stage of commercialisation (Department of Minerals and Energy, 2002) .
Geothermal activity in the earth's crust is derived from the hot core of the earth. Examples are the natural geysers and hot water sources employed for power generation and space heating or using deep hot dry rock as heat exchangers by pumping water through the natural rock fissures to produce steam for power generation (Department of Minerals and Energy, 2002) .
Experience shows that renewable energy can advance dramatically worldwide if governments enact the right mix of policies. The key policy lessons can be the following: access to the market must be ensured, financial incentives (including tax credits, rebates, payments and low-interest loans), education and information dissemination, public participation and ownership in the renewable development process, industry standards (Sawin, 2004) .
Renewable sources of energy are getting more and more attention in industrialised states. Every year, governments allocate significant sums for them. In recent years, investment in green energy has almost doubled, from 39 billion euros in 2005 to 55 billion euros in 2006, and last year, sums allocated to the green energy sector exceeded 100 billion euros. The most used source of alternative energy is solar energy, followed closely by the Aeolian one.
Researchers from France, Germany, Japan and the USA say that a common plan is necessary to accelerate the use of renewable energies. Thus, much of the natural resources could be saved.
The Green Book: the energy strategy of the EU
The European Commission paper published in 2000 and finalised in 2006, entitled "The Green Book -Towards a European strategy of energetic security", examines the present situation of the European Union. Later, this work was approved as the official energy strategy of the European Union until the year 2030.
Analysing this strategy, some conclusions were taken concerning the future of energy in the EU, that being the following:
1 Present consumption of primary resources of the EU is 41% oil, natural gas 22%, coal 16%, nuclear energy 15%, renewable sources 6%; the EU's energy dependence on external sources is 50%.
2 Reserves of resources are concentrated in a few countries; about half of the consumption of natural gas of the EU comes from only three countries (Russian Federation, Norway, Algeria) and 45% of oil imports from the Middle East. If current trends are maintained it is expected that gas imports will increase by 80% in the next 25 years. If the EU fails to improve its energy sector in the next 20-30 years, approximately 65-70% of demand for energy will be met from imports, which is not acceptable because imports will come from regions threatened by insecurity.
The energy policy of the European Union defines three main objectives (Commission of the European Communities, 2006):
1 Durability by the development of competitive renewable energy sources and other sources of energy with lower carbon emissions, reducing demand for energy in Europe, enforcing global efforts to combat climate change and improve air quality at the local level.
2 Competitiveness by creating a competitive energy market, opening it so that consumers and the economy as a whole can benefit, with the concomitant increase in investments for energy production and eco-efficient energy.
3 Security of alimentation by reducing demand, diversification of energy mixtures with greater use of competitive renewable energy, and diversifying sources and routes of power imported, creating the appropriate incentives for investment to meet growing demand for energy, improving conditions for businesses that want access to global energy resources.
For achieving the above-mentioned objectives six proprietary fields have been identified:
• Energy for growth and jobs in Europe: completing the internal European electricity and gas markets
• An Internal Energy Market that guarantees security of supply: solidarity between member states
• Tackling security and competitiveness of energy supply: towards a more sustainable, efficient and diverse energy mix
• An integrated approach to tackling climate change
• Encouraging innovation: a strategic European energy technology plan
• Towards a coherent external energy policy.
Any decision concerning energy policies of a new EU state or a candidate state will have a major impact on the market functioning of another state. That is the reason why countries must bear in mind the EU energy policies, integrating this policy in the national energy policies.
EU energy strategy must follow:
• Reduction of energy losses, growth of energy efficiency and improving the consumer's behaviour.
• Necessity for alternative policies in the field of transportation, to avoid emission growth in transport with up to 40% by 2010 we foresee: revitalisation of railroads, reorganisation of road transport, using biofuel al a level of up to 6% up to 2010.
• Developing renewable energy sources, doubling the share of renewable energy sources in gross energy consumption of the EU from 6% currently to 12% in 2010 and 20% by 2020.
• Maintaining medium-term autonomy security of energy supply.
• Common solutions to common problems: strengthening energy stocks, targeting energy consumption, strengthening transport network, completing the single market integrated energy, intelligent energy for Europe.
Energy in Romania: trends and perspectives
Romania, European Union member since 1 January 2007, has limited and expensive resources. Oil and gas are in a process of exhaustion in the next 20 years. At present, Romania is dependent on imports of resources, 48% natural gas (from Russian Federation) and 54% oil. Dependence on natural gas will increase to 65% by 2015.
Although coal reserves would be sufficient for another 15-40 years of consumption, the specific conditions of Romania coal reserves (low quality, large subsidies to coal) lead to high costs of production and low competitiveness on the European market. Hydropower and nuclear power involve high costs, being considered more expensive resources, in terms of capital invested.
There are also a series of un-functionalities in this area, namely, high-energy losses on the entire chain, maintenance of low costs for reasons of social protection, maintenance of state property in the production of energy, with adverse economic consequences, the existence of old and outperforming equipment, that require extensive investment, high level of environmental pollution, etc.
Nowadays metero-geographical conditions of Romania, the medium and long-term energetic balance is considering several types of renewable energy sources, such as solar, wind, hydroelectric, biomass and geothermal resources. The types of renewable energy resources and the energetic potential of Romanian renewable energy sources are summarised in Table 2 (specialty studies -ICEMENERG, ICPE, INL, ISPH and  ENERO) . Renewable energy resources are representing a significant component in the fuel economy worldwide. Therefore, they can have an increasing contribution to the energy supply diversification, emissions reduction and energetic sustainable development in the long term. However, in the short and medium-term, modern renewable energy sources will remain a fairly small component of energy supply in industrialised countries, with a complementary role rather than a replacement of energy based on fossil and nuclear fuel. In developing countries, the renewable resources role in meeting the demand for reliable and affordable energy will grow in importance, mainly in rural areas. Moreover, their use will be supported by temporary targeted subsidies (Doucet Gerald, 2005) . Renewable energy sources can be primary to the daily demands in electrical and thermal energy in deprived rural areas. Capitalisation of renewable energy sources, under concurrent conditions on the energy market, is becoming desirable through implementation of several specific politics and instruments, or emission of 'green certificates' ('ecological certificates'). The green certificate is a document attesting a quantity of electrical energy equal to 1 MWh from renewable energy sources. It can be transacted, distinct from the quantity of energy associated with it, on a bilateral or centralised market (Government Decision no. 1892 /4.11.2004 , for the establishment of the promoting system for electrical energy production from renewable energy sources, published in Romanian Official Monitor no. 1056, part I, 15 November 2004).
The main measures for durable energy development of Romania are appreciated as being the following:
• developing a long-term energy strategy of Romania correlated directly with the EU's energy policy
• improving the institutional, legislative and regulatory framework for the field of energy, which would allow implementation of national energy efficiency programmes, seeking to reduce energy losses
• promoting renewable sources of energy, unpolluted and compatible with the environment
• remote modern heating-systems-efficient centralised economic projects of joint implementation and trade in carbon credits (green certificates) based on the Kyoto Protocol (Kyoto Protocol, 2004) • promoting nuclear energy, with the purpose of reducing CO 2 emissions
• creating a framework for attracting investments and privatising continuously the energy industry
• promoting and financing research, development and innovation activities in the field of energy
• presence of ethics in the governance of the energy sector
• accountability of institutions and central and local authorities in tracking direction and control measures on energy and sustainable energy development.
Although Romania has a potential of renewable energy resources, green energy market is still at its beginning. The authorities are preparing to finance societies that will invest in renewable energy sources. Through a project of the Ministry of Economy and Finance, 300 companies will benefit from state aid of 200 million euros by 2013. For 2008, the estimated total budget allocated was 20.9 million euro for 2009 -a budget of 30.6 million. The funds will be allocated for the use of any of the renewable resources.
Conclusions
The construction of a single energy market and its integration into a common energy policy of the European Union is a process that has its roots in the founding treaties of the first European community and is still in the process of completion. The energy sector has been considered for decades as an exclusive attribute of national governments and has proved over time that traditional centralised and monopolistic policies cannot resist to globalisation and cannot escape the pressures of competition.
The European Commission will invest about 9 billion euros in promoting renewable energy and improve energy efficiency in the European Union in 2007-2013. Out of these, Romania should receive almost 445 million euros.
European Commission proposals on actions to be taken about the environment, give a priority to renewable energy and increased need for greater energy efficiency. The 450 operational programmes for this policy during 2007-2013 include investments amounting to 9 billion for projects related to energy, 4.8 billion for renewable energy sources and 4.2 billion for energy efficiency and measures for the management of energy.
In addition, another 63.8 million are intended to promote research and development and an important part of these funds are to be redirected to projects designed to stimulate research on renewable energy. In parallel, the Commission will assist Member States to achieve their goals for renewable energy and to accelerate the implementation.
